(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 949 027 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

13.10.1999 Bulletin 1999/41 

(21 ) Application number: 97924344.1 

(22) Date of filing: 06.06.1997 



(51) int. CI. 6 : B22F1/02, C23C 26/00, 
G03G 9/083, C09C 1/00, 
C03C 12/00, H01F1/11 

(86) International application number: 
PCT/JP97/01942 

(87) International publication number: 

WO 97/47417 (18.12.1997 Gazette 1997/54) 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH DE DK ES R FR GB GR IE IT LI LU MC 


• NAKATSUKA, Katsuto 


NL PT SE 


Sendai-shi, Miyagi 982-02 (JP) 




. ATARASHI, Takafumi, 


(30) Priority: 10.06.1996 JP 14742296 


Nittetsu Mining Co., Ltd. 




Nishitama-gun, Tokyo 190-0182 (JP) 


(71) Applicants: 


• NITTETSU MINING CO., LTD. 


(74) Representative: 


Tokyo 100 (JP) 


Grunecker, Kinkeldey, 


• Nakatsuka, Katsuto 


Stockmair & Schwanhdusser 


Sendai-shi- Miyagi 982-02 (JP) 


Anwaitssozietat 




Maximilianstrasse 58 


-j 


80538 Munchen (DE) 



CNJ 
O 

O 

o 

GL 
LU 



(54) POWDER COATED WITH MULTILAYER FILM AND PROCESS FOR PREPARING THE SAME 



(57) In producing a multilayer-coated powder by 
coating the surface of a base powder of a metal, metal 
oxide, etc. with two or more layers of a metal oxide or 
the like, the films of a metal oxide or the like are formed 
through decomposition, etc. from a metal salt as an 
inexpensive material. This is attained by making the 
powder particles not to be attacked by acids, etc. when 
the metal salt decomposition or the like, which yields an 
acid, etc., is conducted. The multilayer-coated powder 
is characterized in that the multilayered film comprises 
at least one layer consisting of a metal hydroxide or 
metal oxide film formed by the hydrolysis of a metal 
alkoxide and, as a layer disposed on the outer side of 
that layer, a coating film consisting of a metal hydroxide 
or metal oxide film formed by a reaction, e.g.. neutraliza- 
tion or pyrolysis. of a metal salt. Upon heating, the metal 
hydroxide or metal oxide film formed by the hydrolysis of 
a metal alkoxide becomes a dense metal oxide film. 



Fig. 1 
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Description 
TECHNICAL FIELD 

[0001 J The present invention relates to a powder hav- 
ing a multilayered film on the surface and performing a 
combination of functions. More particularly, the present 
invention relates to a magnetic powder having a multi- 
layered film on the surface and usable as a starting 
material for colored magnetic materials, such as mag- 
netic color toners and magnetic color inks, and to a ret- 
roreflective pigment, a weather-resistant pigment, and 
the like. 

BACKGROUND ART 

[0002] Coating the surface of a powder with another 
substance has conventionally been conducted in order 
to obtain a powder having a special property or to mod- 
ify the surface properties of the powder. Since it is diffi- 
cult to evenly coat the surface of a powder having a 
small particle diameter, various methods have been 
investigated as powder-coating means. 
[0003] Unexamined Published Japanese Patent Appli- 
cation No. 1-1 19062 discloses a technique for coating a 
powder with silver for the purpose of heightening the 
electroconductivity of the powder. Methods for forming a 
metal coating film on the surface of a metal or metal 
oxide powder are described, e.g., in Unexamined Pub- 
lished Japanese Patent Applications Nos. 3-271376 
and 3-274278. 

[0004] With respect to methods for forming a metal 
oxide coating film on the surface of a metal powder, a 
film of an oxide of the same metal can be obtained also 
by a method comprising placing the powder in an oxidiz- 
ing atmosphere. However, this method is not applicable 
to the formation of a coating film of an oxide of another 
kind of metal. It is a matter of course that a completely 
different method should be used when the powder is 
made of a metal compound or a plastic. 
[0005] A method usable for forming a coating film of a 
metal oxide on a powder comprises placing the powder 
in an aqueous solution of a metal salt, reacting the 
metal salt to cause precipitation and thus form a metal 
compound deposit layer on the powder particles, and 
drying or heating the covered particles to form a metal 
oxide layer to thereby obtain a coated powder. However, 
a dense oxide film is difficult to obtain by this method. If 
the above method is carried out so as to yield a dense 
oxide film, it is not easy to evenly form a dense film in a 
desired thickness, for example, because a large film 
thickness is difficult to obtain. 

[0006] The present inventors previously invented a 
method for forming a film of a metal oxide by dispersing 
a metal powder or a metal oxide powder into a metal 
alkoxide solution and hydrolyzing the metal alkoxide, 
and made an application for patent (Unexamined Pub- 
lished Japanese Patent Application No. 6-228604). 



[0007] The present inventors further developed highly 
functional powders by alternately forming a metal film 
and a metal oxide film on the surface of a metal powder 
or a metal oxide powder, and made an application for 
5 patent (Unexamined Published Japanese Patent Appli- 
cation No. 7-90310). For example, the inventor suc- 
ceeded in obtaining a magnetic powder of a sufficiently 
white color by forming a coating film of a metal oxide on 
the surface of a magnetic material powder, such as fer- 
10 rite or chromium oxide, and forming a coating film of 
cobalt metal or silver metal thereon, and also in obtain- 
ing an insulating powder having satisfactory thermal 
conductivity by forming a metal oxide film on a powder 
of a metal having satisfactory thermal conductivity, such 
is as silver metal or copper metal. Furthermore, the 
present inventors made an application for patent con- 
cerning a process which comprises similarly forming a 
multilayered metal oxide film on the surface of a metal 
powder or metal compound powder and heating the 
20 powder coated with the multilayered metal oxide film to 
produce a powder having a multilayered denser and 
more stable metal oxide film (W096/28269). 
u [0008] As described above, the present inventors 
have made efforts with a view to developing a highly 
functional metal or metal compound powder by forming 
one or more films of a metal oxide or metal on the sur- 
face of a metal powder or metal compound powder to 
thereby impart a property other than those possessed 
by the metal or metal compound powder serving as core 
30 particles. 

[0009] However, the above-described method in 
which a metal alkoxide is used as a starting material for 
forming a film of a metal oxide on the surface of a metal 
powder or metal compound powder has a drawback that 

35 the product developed with the alkoxide has very limited 
uses because the metal alkoxide is an expensive com- 
pound and, hence, the product is, of course, costly. 
[001 0] Although the method in which a film of a metal 
oxide is formed by precipitation from an aqueous metal 

40 salt solution has the problem that an even metal oxide 
film is difficult to obtain, it has a more serious drawback. 
Namely, since an acid or alkali is used in reacting the 
aqueous metal salt solution to cause precipitation or 
since the reaction yields an acid or alkali as a by-prod- 

45 uct, the powder particles serving as cores are attacked 
by the acid or alkali used as a reactant or yielded as a 
by-product and are thus dissolved, especially when the 
particles are made of a metal. Because of this draw- 
back, the above method cannot be applied. 

so [0011] An object of the present invention is to elimi- 
nate the drawbacks of the above-described prior art 
techniques and to provide: a highly functional metal or 
metal compound powder inexpensively; and a tech- 
nique with which a metal film or a metal oxide film can 

55 be formed on an organic powder or the like , and which 
is applicable to a wide range of powders besides metal 
or metal compound powders, e.g., organic powders. 
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DISCLOSURE OF THE INVENTION 

[0012] The present inventors made investigations on 
whether or not the deposition method based on precipi- 
tation from an aqueous metal salt solution, which 
method is a conventional means for easily and inexpen- 
sively forming a metal oxide film, is applicable. As a 
result, it has been found that when base particles 
coated with a metal oxide film formed by the hydrolysis 
of a metal alkoxide are subjected to the deposition 
method based on precipitation from an aqueous metal 
salt solution, the base particles are protected by the 
metal oxide film formed by the hydrolysis of a metal 
alkoxide and are hence never attacked even when the 
precipitation reaction is conducted under such condi- 
tions that the base particles are attacked, because the 
metal oxide film is exceedingly dense as stated above. 
The present invention has been achieved based on this 
finding. 

[001 3] Specifically, the various problems described 
above have been eliminated by the following multilayer- 
coated powder and process for producing the same 
according to the present invention: 

(1) A multilayer-coated powder, wherein at least 
one layer of the multilayer comprises a metal 
hydroxide film or a metal oxide film formed by 
hydrolysis of a metal alkoxide having thereon a 
coating film comprising a metal hydroxide film or a 
metal oxide film formed by a reaction of a metal salt; 

(2) The multilayer-coated powder according to the 
above (1 ). wherein the metal hydroxide or the metal 
oxide film formed by the hydrolysis of a metal alkox- 
ide is heated; 

(3) The multilayer-coated powder according to the 
above (1) or (2), wherein the metal hydroxide or the 
metal oxide film formed by the reaction of a metal 
salt is heated after the formation; 

(4) A process for producing a multilayer-coated 
powder, which comprises: forming a metal hydrox- 
ide film or a metal oxide film as at least one layer of 
a multilayered film by hydrolysis of a metal alkoxide; 
and forming thereon a coating film of a metal 
hydroxide film or a metal oxide film by a reaction of 
a metal salt; 

(5) The process for producing a multilayer-coated 
powder according to the above (4), wherein the 
metal hydroxide film or the metal oxide film is 
formed by the hydrolysis of a metal alkoxide, and 
then heated; and 

(6) The process for producing a multilayer-coated 
powder according to the above (4) or (5), wherein 
the metal hydroxide film or the metal oxide film is 
formed by the reaction of a metal salt, and then 
heated. 

[001 4] In the present invention, the powder serving as 
the base of the multilayer-coated powder of the present 



invention can be a powder made of an organic sub- 
stance as well as a powder made of an inorganic sub- 
stance. Examples of the inorganic substance 
constituting the inorganic powder in the present inven- 

5 tion include metals, such as, iron, nickel, chromium, tita- 
nium, and aluminum; metal alloys, such as iron-nickel 
and iron-cobalt alloys;, iron-nickel alloy nitrides; iron- 
nickel-cobalt alloy nitrides; metai oxides, such as oxides 
of, e.g., iron, nickel, chromium, titanium, aluminum, and 

10 silicon (in this case, silicon is classified in metals); 
oxides of alkaline earth metals, such as calcium, mag- 
nesium, and barium; composite oxides of these, clays, 
and glasses. 

[0015] Since one object of the present invention 

is resides in the production of a powder having magnetic 
properties, such as a magnetic color toner or a mag- 
netic color ink, it is preferred in this case to use a ferro- 
magnetic substance as the base powder of the 
multilayer-coated powder of the present invention. The 

so ferromagnetic substance may be a metal having a high 
magnetic permeability, such as iron, nickel, chromium, 
titanium, or aluminum. However, a ferromagnetic oxide 
or alloy can also be used, such as ferrite or y-iron oxide. 
[001 6] Also usable as the base powder material in the 

25 present invention is a powder made of an organic sub- 
stance. Examples of the organic substance constituting 
the base powder in the present invention include natural 
and synthetic polymers. Examples of the synthetic poly- 
mers include polystyrene, polyethylene, polypropylene, 

30 polyacrylic esters, polymethacrylic esters, and copoly- 
mers of any of the monomers of these polymers with 
one or more other monomers. Examples of the natural 
polymers include starch, agarose, cellulose, and gela- 
tin. Other usable examples include semisynthetic poly- 

35 mers. such as acetyl cellulose and hydroxyethyl 
cellulose. Although the powder of an organic polymer 
may have irregular particle shapes, it is preferably com- 
posed of spherical particles formed by the suspension 
polymerization method or seed polymerization method 

40 or formed by the solution dispersion method or the like. 
Although some of those organic substances, when in 
direct contact with an aqueous metal salt solution, may 
suffer surface corrosion depending on conditions for the 
reaction of the solution, this influence can be prevented 

45 by the present invention. 

[0017] If a substance which withstands dilute strong 
acids, such as ferrite, y-iron oxide, or titanium oxide, is 
used as a core material, the core particles hardly suffer 
surface corrosion even when exposed directly to a reac- 

so tion of an aqueous metal salt solution. However, since 
the solution may have entered inner parts of the parti- 
cles, there is a possibility that the multilayer-coated 
powder produced using the core particles might have 
been denaturated. 

55 [0018] Powders, such as an iron metal powder, nickel 
metal powder, aluminum metal powder, polystyrene 
beads, polymethacrylic ester beads, starch beads, and 
acetyl cellulose beads, suffer surface denaturation in an 
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aqueous solution of a strong acid even when the acid 
concentration is low, and this may influence the quality 
of the final product, for example, by causing devitrifica- 
tion. Consequently, If such a substance is used as a 
core material, it is undesirable to use a metal salt, such 
as titanium sulfate, titanium chloride, or aluminum sul- 
fate, as a material for forming a metal oxide coating film 
on the surface of the core material. 
[001 9] With respect to metal salts for use in the treat- 
ment based on precipitation by a reaction of an aqueous 
metal salt solution, which is the most common reaction 
among reactions of the above-described metal salts, 
the above problems are severer especially when an acid 
salt of a metal is used. Although neutralization or pyrol- 
ysis is typically used among reactions of a metal salt, 
other reactions may be used. 

[0020] Examples of the metal used as a metal salt in 
the present invention include iron, nickel, chromium, 
titanium, zinc, aluminum, cadmium, zirconium, silicon, 
tin, lead, lithium, indium, neodymium, bismuth, cerium, 
antimony, calcium, magnesium, and barium. Examples 
of salts of these metals include salts of sulfuric acid, 
nitric acid, hydrochloric acid, oxalic acid, carbonic acid, 
and carboxylic adds. Chelate complexes of the above 
metals are also included. A suitable kind of metal salt for 
use in the present invention is selected according to the 
property to be imparted to the surface of the powder 
and the means to be used for production. 
[0021 ] In the present invention, a film of a metal oxide 
or metal hydroxide is first formed by the hydrolysis of a 
metal alkoxide on particles serving as the base of a mul- 
tilayer-coated powder, in order to protect the particles. If 
a metal film is to be formed as one of the layers of the 
multilayer-coated powder, this metal film should be 
formed under the metal oxide or metal hydroxide film 
formed from a metal alkoxide. Accordingly, a metal film 
may be formed directly on the surface of the base parti- 
cles. If plural layers of a metal oxide or metal hydroxide 
film are formed from a metal alkoxide, a metal film can 
be formed between these layers. It is, however, undesir- 
able to form a metal film over the metal oxide or metal 
hydroxide films. 

[0022] In the present invention, an alkoxide of the 
same metal as that contained in the metal hydroxide or 
metal oxide film to be deposited as a coating film on the 
surface of particles serving as the base of a multilayer- 
coated powder is hydrolyzed to form a film of the metal 
hydroxide or metal oxide. 

[0023] This method comprises dispersing the powder 
serving as a base material into a solution of the metal 
alkoxide (mostly in an organic solvent or in a mixed sol- 
vent consisting of an organic solvent and water) and 
adding water or a weakly alkaline aqueous solution to 
the solution containing the dispersed particles to hydro- 
lyze the metal alkoxide and thereby form a film of a 
hydroxide or oxide of the metal on the surface of the par- 
ticles. 

[0024] Processes for producing a powder having a 



multilayered metal oxide film using the above method 
are described in Unexamined Published Japanese Pat- 
ent Applications Nos. 6-228604 and 7-90310. 
[0025] The above method for forming a metal oxide by 

5 hydrolysis is called a sol-gel method, and is effective in 
forming an oxide having a fine and homogeneous com- 
position. By applying this method to a powder, a film 
which is even, thick, and dense is obtained on the pow- 
der particles. As the metal alkoxide is selected an alkox- 

10 ide of the metal corresponding to the desired metal 
oxide, such as zinc, aluminum, cadmium, titanium, zir- 
conium, tantalum, or silicon. 

[0026] A metal alkoxide decomposable with water is 
generally used as a solution in an organic solvent. Usa- 

is ble organic solvents include, for example, alcohols, 
such as ethanol and methanol, and ketones. It is pre- 
ferred to use a dehydrated organic solvent. Although the 
concentration of the metal alkoxide solution varies 
depending on the kind of the metal alkoxide to be dis- 

20 solved and on the kind of the organic solvent, optimum 
conditions are used. The thickness of the metal hydrox- 
ide or metal oxide film formed on a powder is deter- 
mined by the concentration of the metal alkoxide 
solution and the use amount of the metal alkoxide solu- 

25 tion relative to the powder amount. 

[0027] The powder on which a metal oxide film has 
deposited is taken out of the solution and dried, 
whereby a strong metal oxide film is obtained. The dry- 
ing is preferably conducted in vacuo. If an inorganic 

30 powder was used as base particles, it is preferred to fur- 
ther conduct a heat treatment in vacuo or in an inert 
atmosphere at 200 to 800°C for 0.5 to 6 hours, because 
this treatment makes the film stronger. 
[0028] As stated hereinabove, a metal hydroxide film 

35 or metal oxide film is deposited by a reaction of a metal 
salt on the powder particles on the surface of which a 
metal hydroxide or metal oxide film has been formed 
from a metal alkoxide. 

[0029] One method for accomplishing the above uses 
40 a metal salt, such as titanium sulfate or aluminum sul- 
fate, as a starting material, and comprises immersing 
the base particles in an aqueous solution of the metal 
salt and neutralizing the system with an aqueous solu- 
tion of a caustic alkali, ammonia, urea, or the like to 
45 thereby deposit the resultant metal hydroxide or metal 
oxide on the powder particles. 

[0030] Another method for depositing a metal oxide 
film on the surface of powder particles in the present 
invention uses a metal salt, such as titanium sulfate or 

so zirconium sulfate, which upon heating decomposes to 
deposit titanium oxide or zirconium oxide. This method 
comprises immersing the powder particles in an aque- 
ous solution of such a metal salt and decomposing the 
metal salt by heating to deposit a metal oxide film on the 

55 • powder particles and thus form a coating film. 

[0031] Plural layers of a metal oxide film or the like 
may be formed from such a metal salt. It is also possi- 
ble, if desired, to form a film of a metal oxide or the like 
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from a metal alkoxide on these films of a metal oxide or 
the like. 

[0032] Thus, a muitilayered film can be formed on the 
powder particles serving as a base. In forming the film, 
desired properties can be obtained by using such film- s 
forming conditions that each layer has a given thick- 
ness. 

[C033] The particles thus obtained according to the 
present invention by forming a film of a metal oxide or 
the like from a metal alkoxide on the surface of base 10 
powder particles are not adversely influenced by the 
treatment for forming thereon a film of a metal oxide or 
the like from a metal salt. Consequently, a muitilayered 
film of a metal oxide or the like can be formed by a sim- 
ple procedure using a metal salt as an inexpensive is 
starting material. In particular, that a multilayer-coated 
powder can be obtained without using an expensive 
metal alkoxide as a starting material is an important 
advantage. 

[0034] In processes for producing the multilayer- 20 
coated powder of the present invention, a muitilayered 
film can be formed in various methods. For example, a 
muitilayered film may be formed through continuous 
steps, or individual coating films may be formed one by 
one. Alternatively, the formation of a single layer and the 25 
continuous formation of plural layers may be conducted 
in combination. 

[0035] For the coating with a metal film, contact elec- 
troplating or sputtering may be used, besides electro- 
less plating. However, in the contact electroplating, 30 
powder particles not in contact with an electrode cannot 
be plated. In the sputtering, a metal vapor cannot be 
evenly applied to the powder particles. Hence, the thick- 
ness of the coating formed by either method varies from 
particle to particle. In contrast, the method of film forma- 35 
tion by electroless plating is preferred in that a dense 
and even film can be formed and the film thickness is 
easy to regulate. 

[0036] Since the thus-produced powder having a mui- 
tilayered metal oxide film on the surface can have vari- 40 
ous properties imparted thereto according to the 
material of the powder selected and the material of the 
metal oxide constituting the surface coating film, it can 
be used in applications for respective purposes. For 
example, when a magnetic material, such as iron metal, 45 
iron nitride, or tri-iron tetroxide, is used as a powder and 
this powder is coated with silicon oxide, having a lower 
refractive index than the magnetic material, and further 
with a layer of titanium oxide, having a higher refractive 
index, as an outer film, then a magnetic powder having so 
a high degree of whiteness is obtained. When a conduc- 
tor, such as silver, copper, or aluminum, is used as a 
powder base and this metal layer is coated with a film of 
an electrically insulating metal oxide, such as aluminum 
oxide, then a thermally conductive powder having an 55 
electrically insulating surface layer is obtained. 
[0037] Furthermore, when, for example, coatings hav- 
ing different refractive indexes are formed on a surface 



of an object each in such a thickness that the product of 
the refractive index of the substance constituting the film 
and the thickness of the film corresponds to one-fourth 
the wavelength of an electromagnetic wave, then most 
of the light is reflected due to interference (Fresnel 
reflection). This function can be utilized to produce a 
magnetic powder for magnetic toners which reflects 
light and has a shining white color by using a magnetic 
material, such as a powder of a metal, e.g., iron, cobalt, 
or nickel, an alloy powder, or an iron nitride powder as 
cores, forming a layer of a high-reflectance metal, such 
as silver or cobalt, on the surface of the cores, further 
forming on the outer side thereof a layer of an oxide hav- 
ing a lower refractive index than that metal, such as sili- 
con oxide, in such a thickness that the product of the 
refractive index of the oxide and the thickness of this film 
is one-fourth a wavelength of visible light, and then coat- 
ing this film with a layer of a high-refractive-index oxide, 
such as zirconium oxide, in such a thickness that the 
product of the refractive index of the material and the 
thickness of this film is one-fourth a wavelength of visi- 
ble light. 

[0038] The powder produced may be heated in an 
inert gas atmosphere at a temperature of from 200 to 
800°C. Thus, a stronger powder having a higher degree 
of whiteness is obtained. If the above heat treatment of 
the powder is conducted, the powder obtained through 
the heat treatment should satisfy the requirement that in 
each layer the product of the refractive index of the 
material and the film thickness is one-fourth a wave- 
length of visible light. 

[0039] Forming a colored layer on this powder and fur- 
ther forming a resin layer thereon gives a magnetic color 
toner. Since visible light has wavelengths distributed in 
a certain width, each of the particles constituting the 
magnetic toner may have oxide layers formed alter 1 * 
nately with metal layers so that these layers have 
slightly different thicknesses within a range in which the 
product of the refractive index of the material and the 
film thickness is close to one-fourth a wavelength of vis- 
ible light. 

[0040] In producing a multilayer-coated powder as a 
powder colored by interference reflection, a high-refrac- 
tive-index film and a low-refractive- index film are alter- 
nately formed in respective thicknesses necessary for 
Fresnel interference so that light of target spectral wave- 
lengths is reflected. 

[0041] Fig. 1 illustrates such a powder particle by 
means of a sectional view. This sectional view shows a 
powder particle colored by interference reflection, which 
comprises a particle 1 (glass bead) as a base, a metal 
film 2 formed on the surface thereof, a low-refractive- 
index metal oxide film A indicated by 3 formed on the 
film 2 from an alkoxide. and a high-refractive-index 
metal oxide film B indicated by 4 formed on the film A. 
[0042] Starting materials, especially metal salts, used 
in the present invention will be explained below. 
[0043] Preferred materials used for forming high- 
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refractive-index films include: titanium compounds, 
such as halides and sulfate for titanium oxide films; zir- 
conium compounds, such as halides, sulfate, carboxy- 
lates, oxalate, and chelate complexes for zirconium 
oxide films; cerium compounds, such as halides, sul- 5 
fate, carboxylates, and oxalate for cerium oxide films; 
bismuth compounds, such as halides, nitrate, and car- 
boxylates for bismuth oxide films; and indium com- 
pounds, such as halides and sulfate for indium oxide 
films. 10 
[0044] Preferred materials used for forming low- 
refractive-index films include: sodium silicate, water 
glass, silicon halides, organosilicon compounds such as 
alkyl silicates, and polymers thereof for silicon oxide 
films; aluminum compounds, such as halides, sulfate, is 
and chelate complexes for aluminum oxide films; and 
magnesium compounds, such as sulfate and halides for 
magnesium oxide films. 

[0045] In the case of forming a titanium oxide film, for 
example, use of a mixture of titanium chloride and tita- 20 
nium sulfate is effective, for example, in giving a film of 
rutile titanium oxide, having a high refractive index, at a 
lower temperature. 

[0046] The reaction for each coating is conducted 
while regulating the reaction temperature so as to be 25 
suitable for the kind of the metal salt or metal alkoxide, 
whereby a more perfect oxide film can be formed. 
[0047] After a coating film has been formed, a heat 
treatment is preferably conducted to completely convert 
the film into an oxide film. 30 
[0048] If hydroxide films or oxide films formed are 
heated, the heating may be conducted for every coating 
layer. Alternatively, the heat treatment may be con- 
ducted as the final step after the desired multilayered 
film has been completed. 35 
[0049] If a magnesia film has been formed, this film is 
preferably coated with a titanium alkoxide in an organic 
solvent, preferably an alcohol, because magnesia is 
susceptible to hydration. 

40 

BRIEF DESCRIPTION OF THE DRAWING 

[0050] Fig. 1 is a sectional view of one embodiment of 
the multilayer-coated powder according to the present 
invention. This embodiment comprises particle 1 as a 45 
base, metal layer 2 formed on the surface thereof, and 
formed thereon low-refractive-index metal oxide film 3 
and high-refractive-index metal oxide film 4. 

BEST MODES FOR CARRYING OUT THE INVEN- so 
TION 

[0051] Processes for producing multilayer-coated 
powders each having plural metal oxide films on the sur- 
face, will be explained below by reference to Examples, ss 
However, the present invention should not be construed 
as being limited by the following Examples. 



EXAMPLE 1 

Formation of Metal Oxide Films: (coating of the surface 
of iron metal powder with titania film and silica film): 

First Layer: Silica Coating: 

[0052] To 20 g of a spherical iron metal powder (aver- 
age particle diameter, 1 .8 jim) was added 1 00 ml of eth- 
anol to disperse the powder. The container was heated 
in an oil bath to keep the temperature of the liquid at 
55°C. Thereto were added 6 g of silicon ethoxide, 6 g of 
ammonia water (29%), and 8 g of water. This mixture 
was allowed to react for 3 hours under stirring. After the 
reaction, the reaction mixture was diluted and washed 
with a sufficient amount of ethanol and filtered. The 
solid matter was dried in a vacuum dryer at 180°C for 8 
hours. After the drying, the resultant powder was heated 
with a rotary tubular oven in a nitrogen atmosphere at 
650°C for 30 minutes to obtain silica-coated powder A. 
The silica-coated powder A obtained was excellent in 
dispersed state. 

Second Layer: Titania Coating: 

[0053] Into a solution prepared by dissolving 16 g of 
titanyl sulfate in distilled water was dispersed 10 g of the 
silica-coated powder A obtained above. The container 
containing the dispersion was heated in an oil bath to 
hold the dispersion at 90°C for 6 hours. 
[0054] After the holding, the reaction mixture was 
washed with a sufficient amount of distilled water until 
the pH thereof became 5, and the powder was then 
dried for 8 hours. After the drying, titania-silica-coated 
powder A was obtained. The titania-silica-coated pow- 
der A obtained had satisfactory dispersibility and was 
composed of independent particles. 
[0055] This powder had a spectral reflection curve 
having a peak wavelength of 558 nm and had a reflect- 
ance at the peak wavelength of 33%. It was blue-green. 

COMPARATIVE EXAMPLE 1 

Formation of Metal Oxide Film: (titania coating of the 
surface of iron metal powder without silica coating): 

[0056] A container containing 100 ml of deionized 
water was heated in an oil bath to hold the deionized 
water at 80°C. Into this heated deionized water was dis- 
persed 1 0 g of carbonyl iron powder A. A solution pre- 
pared by dissolving 7 g of titanium tetrachloride in 1 00 
ml of ethanol was added dropwise over 60 minutes to 
the dispersion under stirring. 

[0057] After the dropwise addition, a decomposition 
reaction for film formation was conducted for 2 hours 
while maintaining the temperature at 80°C. 
[0058] At the time when the reaction was completed, 
the solid matter had turned into a yellow powder and the 
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ion powder had completely dissolved away, leaving the 
titania gel only. 

[0059] It is thought that the iron powder was dissolved 
in the presence of the titanium tetrachloride or by the 
hydrochloric acid which generated during titania forma- 5 
tion from the chloride. Consequently, the formation of a 
titania film is impossible if an oxide film has not been 
formed beforehand. 

EXAMPLE 2 10 

Formation of Metal Oxide Films: (coating of the surface 
of iron metal powder with titania film and silica film): 

First Layer: Silica Coating: is 

[0060] Silica coating was conducted in the same man- 
ner as in Example 1. To 20 g of a spherical iron metal 
powder (average partide diameter, 1 .8 pm) was added 
1 00 ml of ethanol to disperse the powder. The container 20 
was heated in an oil bath to keep the temperature of the 
liquid at 55°C. Thereto were added 6 g of silicon ethox- 
ide, 6 g of ammonia water (29%), and 8 g of water. This 
mixture was allowed to react for 3 hours under stirring. 
After the reaction, the reaction mixture was diluted and 25 
washed with a sufficient amount of ethanol and filtered. 
The solid matter was dried in a vacuum dryer at 180°C 
for 8 hours. After the drying, the resultant powder was 
heated with a rotary tubular oven in a nitrogen atmos- 
phere at 650°C for 30 minutes to obtain silica-coated 30 
powder B. The silica-coated powder B obtained was 
excellent in dispersed state. 

Second Layer: Titania Coating: 

35 

[0061] A container containing 100 ml of deionized 
water was heated in an oil bath while keeping the oil 
temperature at 80°C. Into the heated deionized water 
was dispersed 10 g of the silica-coated powder B. A 
solution prepared by dissolving 7 g of titanium tetrachlo- 40 
ride in 100 ml of ethanol was added dropwise over 60 
minutes to the dispersion under stirring. 
[0062] After the dropwise addition, a decomposition 
reaction for film formation was conducted for 2 hours 
while maintaining the temperature at 80°C. 45 
[0063] After completion of the reaction, the solid mat- 
ter was taken out by filtration and washed with a suffi- 
cient amount of distilled water and finally with ammonia 
water to adjust the pH to 8. Thereafter, 200 ml of ethanol 
was added to wash the solid matter, which was then so 
dried in a vacuum dryer. 

[0064] The titania-silica-coated powder B obtained 
had a spectral reflection curve having a peak wave- 
length of 660 nm, with a reflectance of 40%. It was a 
skin-colored powder. 55 



EXAMPLE 3 

First Layer: Silica Coating: 

[0065] To 20 g of a spherical iron metal powder (aver- 
age particle diameter, 1 .8 jim) was added 100 ml of eth- 
anol to disperse the powder. Thereto were added 6 g of 
silicon ethoxide, 1 1 g of ammonia water (29%), and 8 g 
of water. This mixture was allowed to react for 3 hours 
under stirring. After the reaction, the reaction mixture 
was diluted and washed with a sufficient amount of eth- 
anol and filtered. The solid matter was dried in a vac- 
uum dryer at 180°C for 8 hours. After the drying, the 
resultant powder was heated with a rotary tubular oven 
in a nitrogen atmosphere at 650°C for 30 minutes to 
obtain silica-coated powder C. The silica-coated powder 
C obtained was excellent in dispersed state. 

Second Layer: Titania Coating: 

[0066] A container was heated in an oil bath while 
keeping the oil temperature at 80°C. Into 100 ml of 
heated deionized water was dispersed 1 0 g of the silica- 
coated powder C. A solution prepared by mixing 100 ml 
of ethanol with 1 1 g of titanium tetrachloride was added 
dropwise over 60 minutes to the dispersion under stir- 
ring. 

[0067] After the dropwise addition, a decomposition 
reaction for film formation was conducted for 2 hours 
while maintaining the temperature at 80°C. 
[0068] After completion of the reaction, the solid mat- 
ter was taken out by filtration and washed with a suffi- 
cient amount of distilled water and finally with ammonia 
water to adjust the pH to 8. Thereafter, 200 ml of ethanol 
was added to wash the solid matter, which was then 
dried in a vacuum dryer. After the drying, the resultant 
powder was heated with a rotary tubular oven in a nitro- 
gen atmosphere at 650°C for 30 minutes to obtain tita- 
nia-silica-coated powder D. 

[0069] The titania-silica-coated powder D obtained 
was excellent in dispersed state. It was a skin-colored 
powder which had a spectral reflection curve having a 
peak wavelength of 660 nm, with a reflectance of 40%. 

Third Layer: Silica Coating: 

[0070] To 20 g of the titania-silica-coated powder D 
was added 100 ml of water to disperse the powder. 
Thereto were added 1 1 g of water glass and 8 g of 
water. Furthermore, 250 ml of 0.05 moi/l aqueous 
hydrochloric acid solution was added dropwise over 1 
hour to the above mixture under stirring. The resultant 
mixture was heated to 80°C and allowed to react for 3 
hours. 

[0071] After completion of the reaction, the reaction 
mixture was diluted and washed with a sufficient 
amount of distilled water and filtered. The solid matter 
was dried in a vacuum dryer at 180°C for 8 hours. After 
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the drying, the resultant powder was heated with a 
rotary tubular oven in a nitrogen atmosphere at 650°C 
for 30 minutes to obtain silica-titania-silica-coated pow- 
der E (hereinafter referred to simply as "silica-titania 
powder E"). The silica-titania-coated powder E obtained 
was excellent in dispersed state. 

Fourth Layer: Titania Coating: 

[0072] A container containing 100 ml of deionized 
water was heated in an oil bath while keeping the oil 
temperature at 80°C. Into the heated deionized water 
was dispersed 10 g of the silica-titania-coated powder 
E. A solution prepared by mixing 100 ml of ethanol with 
1 1 g of titanium tetrachloride was added dropwise over 
60 minutes to the dispersion under stirring. 
[0073] After the dropwise addition, a decomposition 
reaction for film formation was conducted for 2 hours 
while maintaining the temperature at 80°C. 
[0074] After completion of thereaction, the solid mat- 
ter was taken out by filtration and washed with a suffi- 
cient amount of distilled water and finally with ammonia 
water to adjust the pH to 8. Thereafter, 200 ml of ethanol 
was added to wash the solid matter, which was then 
dried in a vacuum dryer. 

[0075] The thus-obtained silica-titania powder F, 
which had a titania coating as the fourth layer, had a 
spectral reflection curve having a peak wavelength of 
780 nm, with a reflectance of 56%. It was a red-purple 
powder. 

INDUSTRIAL APPLICABILITY 

[0076] According to the present invention, a technique 
for using inexpensive metal salts as materials for metal 
oxide coating films has been developed. As a result, 
powders coated with metal oxide films can be produced 
at low cost and are hence usable in a wider range of 
applications than conventional ones. 
[0077] Since a powder coated with a multi layered 
metal oxide film having an excellent function can also be 
produced at low cost, it can be a general-purpose pow- 
der. 

[0078] The technique of forming a metal oxide coating 
film from a metal alkoxide is applicable also to powders 
made of metals or plastics susceptible to corrosion by 
acids. By using this technique to form the first layer only, 
less expensive metal salts can be used for forming the 
second and any overlying coating layers. The thus- 
coated powders can hence be used in a wider range of 
applications than conventional ones. 
[0079] According to the present invention, a magnetic 
color toner having light resistance and a technique for 
producing the same can be provided. 
[0080] By forming a multilayered interference coating 
on glass beads, a magnetic color toner or a magnetic 
color ink can be produced without necessitating any 
coloring agent. The coated beads provide a distinctive 



retroref lective pigment. 
Claims 

5 1. A multilayer-coated powder, wherein at least one 
layer of the multilayer comprises a metal hydroxide 
film or a metal oxide film formed by hydrolysis of a 
metal alkoxide having thereon a coating film com- 
prising a metal hydroxide film or a metal oxide film 

10 formed by a reaction of a metal salt. 

2. The multilayer-coated powder according to claim 1 , 
wherein the metal hydroxide or the metal oxide film 
formed by the hydrolysis of a metal alkoxide is 

is heated. 

3. The multilayer-coated powder according to claim 1 
or 2, wherein the metal hydroxide or the metal oxide 
film formed by the reaction of a metal salt is heated 

20 after the formation. 

4. A process for producing a multilayer-coated pow- 
der, which comprises: forming a metal hydroxide 
film or a metal oxide film as at least one layer of a 

25 multilayered film by hydrolysis of a metal alkoxide; 
and forming thereon a coating film of a metal 
hydroxide film or a metal oxide film by a reaction of 
a metal salt. 

30 5. The process for producing a multilayer-coated pow- 
der according to claim 4, wherein the metal hydrox- 
ide film or the metal oxide film is formed by the 
hydrolysis of a metal alkoxide, and then heated. 

35 6. The process for producing a multilayer-coated pow- 
der according to claim 4 or 5. wherein the metal 
hydroxide film or the metal oxide film is formed by 
the reaction of a metal salt, and then heated. 

40 
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